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N egatively  charged  residues p resen t  in transmembrane segm ents  o f  P-type ATPases 
m ay  b e  involved  in cation b ind ing  and  transport. There  are several glutamic and 
aspartic  acid residues in or a round  the fifth and sixth transm em brane domain o f  the 
catalytic subunit  o f  gastric H + ,K +-ATPase that are conserved in other P-type ATPases.£ 
T he  role o f  six of these am ino  acid residues was investigated by site-directed 
m utagenesis ,  resulting in convers ion  o f  these acid groups into their  corresponding acid 
am ides. Sf9 cells were used as an expression system using a single baculovirus with 
cod ing  sequences for bo th  the a  and p  subunits o f  H +,K +-ATPase.2,3 Both  subunits of 
all mutants, like the w ild-type enzym e, were expressed in intracellular membranes of 
Sf9 cells as indicated by western  blotting experiments, an enzym e-linked immunosor­
ben t  assay, and confocal laser scan microscopy studies.
T h e  am oun t  o f  the specific H ,K-ATPase phosphorylated intermediate was m ea­
sured as the d ifference be tw een  the ATP-phosphorylation level in the absence o f  SCH 
28080 and  in its presence. In m utants  D824N, E834Q, E837Q, and D 839N  the amount 
o f  specific phosphory la ted  in term edia te  was not significantly different from zero. In 
all preparations a  considerable  am o u n t  o f  mutated H +,K +-ATPase protein (0 .8—4.1 % 
of  total) was produced , indicating  that the lack of activity o f  these mutants is not due to 
a lack  o f  b iosynthesis .  T hese  findings suggest that each o f  the D824, E834, E837, and 
D 839  residues is essentia l  for the en zy m e  to become phosphorylated. It might b e  that 
these residues are  involved  in H + b ind ing  which is essential for ATP phosphorylation.
T h e  tw o  m u tan ts  E 7 9 5 Q  and E820Q , which show  an S C H  28080 sensitive 
phosphory la ted  in term ediate ,  w ere  s tudied in more detail. The effect o f  preincubation 
with  either K + , o r  S C H  28080, or ouabain  or vanadate on the AT32P-phosphorylation 
level is show n in the au torad iogram s o f  the SD S-PA G E gels (Fig. 1). In the Sf9 
m em branes  both  a 100- and a 140-kD phosphorylated protein are found. The 140-kD 
pro te in  is also p resen t  in m em branes  o f  uninfected cells and does not originate from
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FIGURE 1. Autoradiogram of 
SDS-PAGE of the AT32P phos­
phor ylated Sf9 membranes in­
fected with wild-type and mu­
tated baculoviruses. Membranes 
isolated from S1'9 cells infected 
with either wild-type virus or mu­
tant viruses E795Q and E820Q 
were phosphory la ted at 0°C with 
0.1 pM [7-32P]ATP in the pres­
ence of 1 mM MgCl2 and 20 mM 
Tris-acetic acid (pH 6.0) after 
preincubation for 60 minutes at 
0°C with the following com­
pounds: 100 pM SCH 28080, 10 
mM KC1, I mM ouabain, and 1 
mM vanadate. The acid-quenched 
samples were solubilized and 
subjected to SDS-PAGE at pH 
6.5. Purified pig gastric H+,K+- 
ATPase was used as a control,
wild type
E 7 9 5 Q
E 8 2 0 Q
Q)3
Q_<:
x
o>
'a.
o
COo00<\i
Xaa)
C
* Mfc* 
( t i  -Q «J D O kDa
140
100
140
100
140
100
H +,K +-ATPase, Formation o f  the 100-kD phosphory la ted  in term edia te  o f  m u tan t  
E820Q is hardly  affected by each of the used  ligands in con tras t  to both  the w ild-type 
enzyme and m utant E795Q, where these ligands except ouabain  p reven t  fo rm a tion  of 
the 100-kD band. T he  K + sensitivity o f  m utan t  E 7 9 5 Q  (I50 =  0.45 ±  0 .10 m M ; 
n  =  3) is similar to that o f  the wild-type en zy m e  (I50 =  0.38 ± 0 . 0 4  m M ; n  =  5). The 
I50 value o f  m utan t E820Q, however, is 10 times h igher (I50 =  4.5 ±  1.2 m M ; n  =  4), 
and complete inhibition is not reached at 30 m M . This  m u tan t  has additionally  a  100 
times lower sensitivity towards SCH 28080. A n  L>o value o f  1.7 ±  0.6 pM  (n  =  4 )  was 
found, whereas the wild-type enzyme has an I50 value o f  14 ±  3 n M  (n  =  4 )  and 
mutant E 795Q  an I50 value o f  8 ±  3 n M  (n  ~  4).
Dephosphorylation studies show that the phosphory  la ted  in te rm edia te  o f  the 
wild-type enzym e is K + sensitive and A D P  insensitive. T h e  E 7 9 5 Q  m u tan t  dem on-  
strated similar behavior. The phosphoin term edia te  o f  the E 8 2 0 Q  m utan t ,  however, 
was insensitive towards added K + up to 100 m M , T h e  E 8 2 0 Q  m utan t  also show ed  no 
sensitivity fo r  ADP, suggesting that th is  m uta t ion  did  no t  lead  to b lockade  o f  the 
E p P  —1* E 2-P conversion, which would have  resulted in an A D P -sens i t ive  phosphory -  
lated intermediate. T he  phosphorylated in term edia te  o f  the w ild-type en zy m e  and  of 
mutants E 795Q  and E 820Q  showed s im ilar  hydroxy lam ine  sensitivity, ind ica t ing  that 
the K +-insensitive mutant E820Q had also fo rm ed  an acyl-phosphate .
The overall ATPase activity, de term ined  at 10 pM  ATP, o f  bo th  the  w ild-type 
enzyme and m utant E795Q  could be  activated by  K + (K 0.5 =  0.2 m M ).  In  the 
m embranes o f  uninfected Sf9 cells and  m utan t  E 820Q , no activation  b y  K + o f  the 
ATPase activity was observed.
The aforementioned findings suggest  that G lu795 is no t  invo lved  in K + binding, 
but binding o f  extracellular K + to G lu820  is essential in the long  range  o f  conform a-
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tional changes that enhance the hydrolysis  rate o f  the phosphory la ted  intermediate at 
Asp386.
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